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!NV7!3TIGATIOYT 07 AIR FLO:1T IIT MGTA~c-EhLOWS

IUt A RECTAIMUAR DUCT

CO By Chrirles F. IIcIellan and Wrltor A. Brnrtlutt, Jr.

I TT.IODU CTI CIr

T'-ie incrensed complexity of iodern rArplar-e-exipine in-
st-i.1J~tions, ith e: tens~ve u'7e of duct s-steris, C reat-

1'incroaied the im'nortarnce of vlell-deoigrned bcneds in ducts.
The imprnper functionin.,- of n.Ircr-tt cn rburetors, for in-
stan~ce, has boor. blar~ed in wany cIScS on tho ,necr duct ing
of air bufore it roiches the crarburctor. Arone- the major
faults fotind in the clucting -.- steuis is the impropor design
of elbow.s Just bc-fccc tim, carburetor.

Tho crig..n:-l '7urnoso of this investigation was to ob-
tain an .,lbov ra*. for ure tn airpiano carburotor air in-
take ducts, w:.ich, '.as low lo.-sos anC. good velocity distri-
buticn without tlh' -ase o-' turning vanes. This investiga-
tion ifas not intended to be a ccs-onloto itudy of duict clbows,
as its scope I lirnitcd to ollbovws of proportlon-s whic.1 woro
concidored to Lc o.c~zt practical.

Th-, testr wore conluctoq vin : a roctanngulnr educt
havingp a widtl., w, 2.57tis a.-; -rc-tt ac tho doptuh, d,

~n1 ai:rth.2 clbow in a horizontal -jltrno. This ratio,
w/dI, w.ich wlJll be c,-lledc ti spoct r-Itio of the duct,
Wv.5 choson since it is alinlicablo to tho carburotor for a
modern iirplam.. cjiino. Othor nronortion-, wl-ich are
shown in if-arc; 1, vicre clocz ars likely proportions in
engine installatio.-s.

Tho test.- wrere ix..de at a Reynolds nurber of -Lbeut
200,000, laced or. t%(e depth of the duct, which was 2.625
inches. ;An entrance len, th of t.bout nine ti:.ics the duct
depth was uaoid to build up) a boundary la-er approxiLiating
conditions in an actual installation.

Tho rair wras drawn through the duct by a blower mounted
in the rear of the ontrance tube and clbow. This allowed



the ontranco ti- bc al.one to determine th'i tyPo Of flow and
amosunt of boune-rtry layor.

A r.,.ke moacuri tha ctatic and total prezisure distri-
bution icross the aepth of the duct back of thie el-bow.
Tho locr%'4-on of thie rnke was chocsen 7tt 2.98d b a ck
of the center line of tho entrance ductT, on all1 entrances
a ,e p t X a~a A L. (Sao fig. 1.) This l.ocation v'z con-
sidered to be r pr'.ctic23. location fran the stan~dpoint cf

atYnal 1-tict installationis., Iloving the rake either forward
o-- tackiwrd '.ould, of cotirse, chnctho roeasurod pressure
dzcp anc! fli volocity Iintrib,.ition.

Bo:'.ind the ra'c the tube was ccnti:_'aod fer -% distance
Of twice th- 0.crth beforo th,- air wasc Ii.char.--od into a
lar ;o tube in the bJlcwor. The learth of thin tube was -;uf-
ficicrt to aiurc the conploile turning of the rir. An c,--
troLoly short tub-, ±ollo'iing thc bond would have allowed
the- nir to lrotheo t-ibc boforc theo aizr was ccr-lotoly
turned.

Tho two ch-r:ra-.tcris;tics of the elbows which were con-
sidc-red to bn i-n oi-tant vcoe the nu~r~f flow for a ;!vcn
proeure c.rop nnI the volocitr distribution across the duct
-ftcr t-hc bond.

RESULTS AD D ISCUSSIO-r

Tlho rosialts arc ')rosontot, in tho followin~g nonajinzon-
.ional units:

flo'.r cecfficie0-.t

A/ 2(n _p + q3

- -A'- vlocity ratio

x/d distrtnco from2 innor vwall Irn torns of euct

(l'epth at rah:o section

p rmau;s density of air



andI the following ainensl.onal unito:

Po 1 ottic-prescure r.rop in both entrance duct
ana. elbow

HO - H3 totaJ.-pres'iure drop

whore

q qua:itity of air, cubic feet par second

A croor-soctional rro- of I.uct at ral-e-

PO fron-rir stntic prosrure, inches of alcohol

P2  avorneo ztntic rreaosro at rako, inchcs of

p1 nvornge ntntic pros.zuro -.t tho beginl:ArZ of

thc bond, pounds por squaro foot

p., ver;o t.-tic ivroosuro at rahc, pounlao :er
raror foct

7,vclccit, --.t am ny oi.t across ztrcara -.t r:ake-

V2 avorago velocity at rako r-cction

q. vornge dynanic h oar'. before the bond, pounds
per square foot

q, dynrmic hced at an:' point tcrorL; the. etre-tr
at tho rakeo, pou.d-. -nor sq'~aro foot

q52 nvcrro dynamaic hoand at the r-ke secotion,
i ouf por scuaro foot

Ho free-nir tot.- l prossuro

Ha totr.l prcaieur ) at r.ny point acrosu rr'ko soction

x diotranco fro:,. innor wall nt rake soction

dopth ofC e~ct at rrake section

Vin flow coofficle:~t, wihich was covisoc! to show tho
Offoctivenoas of the elbow, is tho ratio of the quantity of
flow through the actual turn to the quantity of flow through
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nnl ic.e-l dtuct with t!oe as'.e stc.ti ..pre ssure etrop, th-e icte.1
emut be..Ci onto in w'iic% :nil t* e st-%tic nros'src is convert-
ed into vclozit,' T~z~. he st.%tio-pres3are Irop in the qc-
tua. elbow wis cornoitloro. as lonirng the ".rop luo to lossos
in the bonc' plus Vio drop duo to the velocity heal. When
t-*iO 108535 th:-ouCh t1-a o1jow rnrc ZO:o0, the flow co31"fiCiornt
is unity. If th.o e!Tiect 4.-vono,;s of tV1-c Iuct worc to be bnsel
on tlio totnl-orovn3 1:o loss, uns .tisfcctor-, raits vroild bo
obtrninol, ns t:.O l';,e of progavro is 'lzs noili,3blo 7%ne
:,not of rac:o.uction in ouantity is C-uo to uno.von velocity
?.Antributicn ratho:. th~:t total-prcour3 lOES3CO.

ToVriz.a t c-- *-he ftov, c-oefficiont PC f'or tlio various
Omt %n~c rota" i. t:.o followii,- t-iilo:

1 0.937 037 F4 I.d *4 C.85- 0.898 0881

E2.bowL: II . Lj Strai,7it eluct

0.D4 86G.93fn,0. 9zC 09 C.:984

Si-:.cc t~o vooz A- .stribution is -f conni"!,r'.blo i
portancc, os:)vcirtll:- for ')cni'.o In front of carlurro ors,
tll., volcocity ;'.ittrioutio nro pr zc'nto'. in f'.i:urav P. to 5.

Pi,-.iros ) to 18 -.r- ':-. nlots : f ttt -prcrsura

1)~ .iisr St CSS :

The nfltflGa a of tX'-. rA~'o ccrn:) ovar tho
squ:%ro witer orn rra dcnly cov*r- ii tatlo I1 n in a
ci:xr"-riaon of fi:r Z 1iitX fiurz3 3, The flow coo ficiant
of c'1.uct 49 whici is -.Lout 10 -.crea:it hirh3-or tinn thMi,% of any
of tho siunro outor coracr to iConclusive proof of tho
lo'wer loss of .ucts of t-,-po A of t~oco :'ro portions. The
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velocity and pressure distribution are also much bettor
for duct A than for ducte B, C, or . -

These data do not agree with the conclusions arrived
at in reference 1, apparantly because the invalid assump-
tion 7as mado that the losses of the two elbows would main-
tain their rflative values when the aspect ratio ani other
proportions were changed from those testal. This assumption
need not be true as the lossoes of the two elbows may be
entirely different in nature and, therefore, be affoctod
difforontly by the duct proportion. Therefore, although the
elbow with square outer corner wrs founA batter at lo"
aspect ratio than the well-rounded corner (reference 1),
it does not follow that the square outer corner -7as also
bettor at high aepsot ratios.

The accelerating ducts 3 to K, inclusive, were
designed with the idea of improving the air flow by creating
a favorable proessuro gradient through the elbow by accolor-
ating tho air as it rounds tho corner. Unfortunately the
losses in oxpandin. tha air back to the original aroa are
generally greater than the docroaso in loss through the
bond.

Bends P ani G wore attompts to overturn the air in
order to roluco the boundary layer on the inside mall.
(See reference 2.) Albow G succeedei in reelucing the
boundary layer on the inside -vall oven below that of
elbow .1, but the losses moro considorably greater than
those of elbow A, Another morns of roiuclng the boundary-
layer thickness on tlhe inside wall and miaking the flow aore
nearly sym,.otrical was to make' the whole oxpansion n
tho outsilo wall, loavin the inner Pall ctraight after the
turu.. 3lbows H, I, anA J are vorsions of this. Elbow J
was consilorably Lotter than elbows H and I. This elbow
hal a better velocity listribution than olbon A, with only
a slightly lowor flow ooofficiont.

The chnractoristlces of elbows K ind L are not
quite comparable with thoso of tho other elbows, as the
cross-sectional aroa at the ontrance was groator thar that
of tho others, Ulbow L is actually a version of the
accelerating elbow, except that there it no expansion after
the turn, This elbow is considerably better than any of
the others tostol, since it has all tho alvantagos of accol-
erated turn without the disadvantage of an expansion.
Unfortunately this typo is seldom practical, as it requires _ _

a reduction in the croso-soctional area of the duct through ,
the elbow.

I= UsER tL
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Tho olbows A, 3, and L. which wore tho best of thoso
* tas' oc, arc not necessarily tho boot olbows that can bo

made. Sovoral chan~oo c:an bo mdo on elbow A, which
would increase the flow efficiency. Increasint; the radi'ls

* has boon shown tc decrease the loss (rofaronce 1). Incras..
ing t-o -is-root ratios, the vitith di-.-idod b,- the donth, has
rlso booa found to dccroaoo tho losses. (See referenceq 2
nni :5.

The value of g-iido vanes in duxcts of thao pronor-
tions is doubtful, ainco the nin valuo of ruide vance is
in bcnds of vory low as-pet ratio or waore very sharp
bonds aro rolpired. 14hen good proportions ca-n be used in
tho elbow, tha losces aro no low that vory little, if any-
thins, can be crne b tC U30 of gv.ido vnnes.

co:_;CL'%S: ::s

1. L woll-roun-ded elbowe with aspect ratio of 2.57
hadt COn3iftor!%bl-- lower losros rard bettor velocity- distri-
bution thar o!- ..ithi cou.re touter corno:-s Of the SaILIC -
portions.

2. An nacclozting ol'cow of oaec~~ rost~ltcd In a
bettor velocitr distribution bcoyonl. thc elbow thcn any of
tho othor elbovs tooted havinc the ame ontranco a-d. oxit
duct areais. This was aecomip.iniod b.y on-ly, . very slirht
increa-se in lose.

3. Ar. nacolorating: elbow hiviur, a snaller exit duct
than entrnce duct was foun~d to have the lowest losses of
n tested,

4. Al.thoueh thcce ticsts indic:%ted thant certain elbowsr
were superior ncrod.*-n:Ucr.lly to oteors, thora is no proof
as yet thn.t t:.ey wlli provide better carburetor opornt.onal
characteristica; In fr.ct, renorts to the contrary, -re proy-
nlont. The work thrtt is continuing along these li'nes should
do riuch to clarify many unknowns tiA now excist in the appli-
cation of Cuct desi,;n,

Langley 11-moriml Aeronauitical Ltboratory,
rational Advisor:,- Comamittee for- Aer'onautics,

Lnnglor 7iuld, V7a*
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19 Itirt, Loring: Now Data for tho Desiga of 31bos in
Duct Systoms. Gen. Elec. Rev., vol. 30, no. 6,
Juno 1927, pp. 286-296.

2. Pc.ttorso-, G. r.: Corner Liscos in Dnhcts. .ircrnft
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SIIC fIg. 18

00--

/0 .. /

~. 5toac-pressur-ecfrop, I-I

' ... Tocl -pressure drop. Ao-H

x/d meosured front ncr wo/I

Figure 18.- Pressure distribution across duct behind elbow L. Preesure
drop measured at 42 - 6.96 Inches of alcohol.
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